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(54) Device for preparing a spray-dried prodi 

(57) A device (31 ) for preparing a spray-dried prod- 
uct is described, the distance between the distribution 
element (33) and a fluidized bed (37) in the device (31) 
being such that the particles have essentially reached 
their critical moisture content. A method showing the 
mixing of the primary liquid droplets delivered by the 
distribution element (33) and solid particles is also 
specified. 
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Description 

The invention relates first of all to a device for preparing a spray-dried product, at least comprising a drying cham- 
ber with a distribution element placed therein for atomizing liquid to be spray-dried, with forming of a stream of primary 
s liquid droplets, means for supplying drying gas in the vicinity of the distribution element and at least one fluidised bed 
which adjoins the drying chamber at a distance from the distribution element and comprising a bottom plate having 
openings with fluidizing gas supply means opening onto the underside thereof, as well as discharge means for dis- 
charging spray-dried product and gas from the device. 

A device of this kind is generally known and is used for preparing spray-dried products, starting from solutions 
10 which contain the starting material for these products. 

Spray-drying devices of the type mentioned are generally known and are described extensively in the general liter- 
ature. For an overview of the basic aspects which are important in spray-drying and devices serving this purpose, ref- 
erence is made, for example, to Food Engineering and Dairy Technology, KG. Kessler, A. Kessler Verlag, Freising, 
Germany (1981). 

75 Devices of the type referred to have the disadvantage that in general they occupy a relatively large volume as a 

result of the need to evaporate as much liquid as possible from the primary liquid droplets formed during their passage 
and for a relatively dry particle to arrive in the f luidized bed. 

The object of the present invention is to provide a spray-dryer of the abovementioned type which occupies a^con- 
siderably smaller volume than was hitherto found in the prior art. 

20 To this end, the invention as referred to is characterized in that the distance of the distribution element above the 

f luidized bed is equal to the distance which is required to enable a primary liquid droplet to reach a moisture content 
which is in the range of from 1.5-0.75 times the critical moisture content under the conditions prevailing in the drying 
chamber. 

According to generally accepted theory when spray-drying liquids containing solid substances, the drying can be 
25 subdivided into a number of stages, the first two of which are the most important in relation to the present invention. 

In the first place, a first drying stage with a constant rate of evaporation is noted; free moisture which is situated on 
the surface of a primary liquid droplet formed evaporates immediately from that surface until a relatively dry shell is 
formed on the said surface. The total moisture content of the primary liquid droplet has then fallen to what is referred to 
as the critical moisture content of the droplet. After reaching the said critical moisture content, a second drying stage 
30 begins, the characterizing feature of which is that the rate of evaporation of moisture from the particle is determined by 
diffusion and depends on the rate of diffusion of moisture from the inside of the particle to the outer surface, the rela- 
tively dry shell forming a barrier which reduces the rate of evaporation, as a result of which this rate of evaporation will 
gradually decrease further. 

The evaporation flux (weight of moisture which is removed per surface unit per unit time) is virtually constant in the 
35 first drying stage, while this flux exhibits a continuously falling course in the second drying stage. 

The present invention now aims to provide a device of the type specified in which, for a primary liquid droplet, the 
first drying stage, that is to say the stage having a constant rate of evaporation or flux, takes place essentially in the dry- 
ing chamber and before entering the fluidized bed, while the second drying stage takes place primarily in the fluidized 
bed and any downstream-connected devices. 
40 In the prior art, the primary liquid droplet is generally in the second drying stage when it arrives in the fluidized bed; 

there is a considerable risk that overheating may have occurred during the passage through the drying chamber, having 
a disadvantageous effect on the product properties. 

By carrying out drying essentially in the stage having a constant drying rate, the invention seeks to provide the 
product with a less rigorous drying treatment. The second drying stage in the fluidized bed, which is usually ideally 
45 mixed, can be controlled very accurately, so that overheating is easy to avoid there. 

In general, the times that are required to pass through the first drying stage having a constant rate of evaporation 
are extremely short under the temperature, pressure, gas speed and gas moisture content conditions prevailing in the 
drying chamber, so that an extremely small volume of the drying chamber is sufficient. 

The above-defined distance between the distribution element and the top side of the fluidized bed is equal to the 
so distance which is required to enable a primary liquid droplet to reach a moisture content which is in the range of from 
1 .5-0.75 times the critical moisture content under the conditions which prevail in the drying chamber. 

The said range is important, since variations within this range make it possible to enable a particle to arrive in the 
fluidized bed with properties which are suitable for the final purpose. 

In the case of a distance which is equal to the distance corresponding to a moisture content of 1 .5 times the critical 
55 moisture content, the primary droplet will still contain an amount of moisture at its surface, which, for example, can still 
give rise to the formation of agglomerates in the fluidized bed. 

A distance which is equal to the distance which is appropriate for a moisture content of 0.75 times the critical mois- 
ture content provides a primary liquid droplet which is well dried on the surface and gives rise to little or no more forma- 
tion of agglomerates in the fluidized bed. 
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In particular, the distance is made equal to the distance which is required to enable the primary droplet to reach a 
moisture content which is between 1 .5 and 1 .0 times the critical moisture content under the drying chamber conditions. 

Advantageously, the distance is essentially equal to the distance which is required to enable the primary droplet to 
reach a moisture content which is equal to the critical moisture content under the drying chamber conditions. 
5 The critical moisture content is a constant for a specific liquid droplet size distribution of a specific substance, and 

is to be determined outside the spray-drying device. The time which is required in order to reach the said state under 
the drying chamber conditions can likewise be determined, whilst the effective rate which must be taken into account 
can be adjusted as desired in the drying chamber within broad limits. The product of the time required to reach the crit- 
ical moisture content and the average effective rate provides a measure for the distance between the distribution ele- 
w ment and the top side of the fiuidized bed which is required in order to enable a primary liquid droplet formed to reach 
its critical moisture content on travelling through the drying chamber. 

More advantageously, in the device the primary liquid droplets essentially fall directly into the fiuidized bed. 

The above-described second drying stage, wherein a constantly falling drying rate is found, will generally take 
place in the fiuidized bed adjoining the drying chamber, which fiuidized bed is expediently in product flow connection 
75 with a fiuidized aftertreatment bed. 

In the said aftertreatment bed. a further phase of the second drying stage can be carried out, or alternatively a sub- 
sequent drying stage or a finishing treatment. A finishing treatment can consist of cooling, mixing with other sub- 
stances, agglomerating by wetting, etc. 

In a first embodiment of the aftertreatment bed adjoining the device, the said aftertreatment bed is enclosed by the 
20 drying chamber. 

In particular, the fiuidized bed and the fiuidized aftertreatment bed respectively possess a first and a second bottom 
plate with openings while the device is designed such that the stream of primary liquid droplets falls essentially into the 
fiuidized bed and material can be transported from the fiuidized bed to the fiuidized aftertreatment bed. In this embod- 
iment, the stream of primary liquid droplets can be directed such that this falls essentially into the fiuidized bed and not 

25 into the fiuidized aftertreatment bed. 

In an especially attractive embodiment, the fiuidized aftertreatment bed essentially surrounds the fiuidized bed. 
When operating such a device, it is preferably ensured that there is ideal mixing in the centrally situated fiuidized 
bed, in other words that the same conditions prevail throughout the entire fiuidized bed. The fiuidized aftertreatment bed 
expediently has a plug flow nature, in order to ensure that the aftertreatment takes place in exactly the same way for 

30 every particle and that in particular the residence time in the aftertreatment bed is also the same for all the particles. 

In order to enable the supply of primary liquid particles, which have been dried to a greater or lesser extent, to the 
fiuidized bed to take place in an outstanding manner, the first bottom plate of the fiuidized bed is encircled by a dividing 
wall extending essentially parallel to the axis of the distribution element. In this way, it is possible to operate the two fiu- 
idized beds independently of one another, and the beds also remain physically separated from one another. 

35 In a very advantageous embodiment, the fiuidized bed comprises an essentially cylindrical bed having an essen- 
tially circular first bottom plate with openings, which is encircled by an essentially cylindrical dividing wall, the cen- 
trepoint of the first bottom plate being in line with the axis of the distribution element, and the second fiuidized 
aftertreatment bed comprising an essentially annular bed located concentrically around the fiuidized bed, having an 
essentially annular bottom plate with openings which is encircled by the cylindrical dividing wall around the fiuidized bed 

40 and the outer wall of the drying chamber, which is likewise cylindrical, respectively. 

The device in which the fiuidized bed adjoining the drying chamber is in product flow connection with a fiuidized 
aftertreatment bed, a general outline of which was given above, can also be designed such that the fiuidized aftertreat- 
ment bed is disposed outside the drying chamber and is connected to the fiuidized bed via a material transport line. In 
an embodiment of the device of this kind, the ground surface area required can generally be selected to be smaller than 

45 in the arrangement described above, wherein a fiuidized bed and a fiuidized aftertreatment bed are integrated within 
one chamber. 

In all cases however, it remains the case that the primary liquid droplets delivered by the distribution element have 
a moisture content on entering into the fiuidized bed which is essentially in the region of the critical moisture content of 
the droplets, so that the drying chamber volume required can be very small. 

so In the abovementioned device according to the invention, it can be advantageous with regard to the aftertreatment 

bed for at least two gas supply means, which can be controlled separately, to be present on the underside of the bottom 
plate of the said bed. by means of which the fluidizing gases which can be supplied through these means can have dif- 
ferent properties, such as, for example, temperature. However, the moisture content or the composition can also be set 
to different values in different parts of the aftertreatment bed. 

55 In a very expedient embodiment of the device according to the invention, the surface of the underside of the bottom 
plate of the fiuidized bed is partially covered by gas supply means which can be controlled separately and at that point 
permit a fluidizing gas flow rate through the corresponding part of the bottom plate which differs from the fluidizing gas 
main flow rate through the remaining part of the bottom plate. By installing such additional gas supply means (a so- 
called airbox), the loading of the gas flow can be increased at that location and optimum mixing conditions can be 
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achieved. In addition to different gas flow conditions, the amounts of gas. the temperature and/or the composition can, 
of course, also be adjusted by means of the said airbox in this position, so as to deviate from the conditions in areas 
outside the said airbox. 

In the above-described device according to the invention, it is specified that the distance of the distribution element 
5 from the top side of the f luidized bed is equal to the distance which is required to enable a primary liquid droplet to reach 
a moisture content which is in the range of from 1 .5-0.75 times the critical moisture content under the conditions pre- 
vailing in the drying chamber. 

If the distance is equal, for example, to a distance which is required to enable a liquid droplet to reach a moisture 
content of 1 .5 times its critical moisture content, the primary liquid droplets are relatively moist when they arrive in the 
10 fluidized bed. Expediently, however, means are provided in the device for supplying solid particles to the primary liquid 
droplets delivered by the distribution element. These solid particles are, for example, dry particles which, by being 
mixed with the stream of liquid droplets which is delivered by the distribution element, can adhere to these liquid drop- 
lets and reduce the total moisture content. 

In this way, it can be ensured that the mixture of the still moist liquid droplets which are delivered by the distribution 
75 element and the dry particles has reached an average moisture content which is essentially equal to or lower than the 
critical moisture content on arriving in the fluidized bed. In this way, subsequent agglomeration in the fluidized bed can 
be avoided to a large extent. 

The abovementioned solid particles can, for example, also comprise fine particles which have been separated from 
the gases within the drying chamber; the solid particles may, however, also be solid particles obtained from another 
20 source or be solid particles which have been obtained from another source and have been mixed with fine particles 
which have been separated out of the drying chamber. 

In order to obtain an optimum product formulation, it is advantageous if, in the device according to the invention, 
the means for supplying solid particles to the stream of primary liquid droplets which is delivered by the distribution ele- 
ment are adjustably disposed in relation to that distribution element. The position where the stream of solid particles 
25 and the stream of liquid droplets which is delivered by the distribution element make contact appears to be important 
for the quality of the product formed; the product can be optimized by making this position adjustable. 

In particular, for the device according to the invention which comprises a fluidized bed which is surrounded by a flu- 
idized aftertreatment bed. the drying chamber is a cylinder of constant diameter across its entire height. For reasons of 
flow technology, the drying chamber of spray-drying devices often comprises a wide portion, in which the drying takes 
30 place during the flight of the particles, and a narrow section, in which the fluidized bed is disposed. By using a fluidized 
bed which is surrounded by a fluidized aftertreatment bed. while a dividing wall is present between the two beds, in the 
device according to the invention, the conical course of the drying chamber wall can be avoided and a cylindrical cham- 
ber of constant diameter will suffice, which is advantageous for construction purposes. 

The invention also relates to a method for preparing a spray-dried product, a liquid which is to be spray-dried being 
35 supplied to a distribution element which is situated inside a drying chamber and which atomizes the liquid into a stream 
of primary liquid droplets, while the primary liquid droplets are collected in a fluidized bed which adjoins the drying 
chamber. 

In the said method, which is carried out using a device according to the invention, the primary liquid droplets which 
are delivered by the distribution element are given an average speed such that, on arriving in the fluidized bed adjoining 
40 the drying chamber, they have travelled through the drying chamber for essentially the period of evaporation at a con- 
stant rate, while they essentially fall into the fluidized bed. As was stated earlier, the said period can vary, in order either 
to enable the droplets to have a moisture level which is higher than the critical moisture content or to have a moisture 
content which is lower than the critical moisture content. 

In many embodiments, which will be discussed below, the method will be carried out such that the moisture content 
45 of the liquid droplets on arriving in the fluidized bed is slightly higher than the critical moisture content; in many other 
cases, however, the said moisture content will be virtually equal to the critical moisture content. 

As was stated earlier, a stream of solid particles can be supplied to the stream of primary liquid droplets which is 
delivered by the distribution element, while the weight ratio of solid particles to liquid can be selected within a broad 
range, but is generally greater than or equal to 1:2. 
so At least some of the solid particles can be formed by fine particles which have been separated from the gases 
which flow in the drying chamber, while the location at which the stream of solid particles and the stream of prima? . liq- 
uid droplets make contact with one another can be adjusted as a function of the desired quality of the final produc: 

The invention will now be described with reference to the figure, in which: 

55 Figure 1 shows a device according to the invention in a first embodiment. 

Figure 2 shows a diagrammatic cross-section of the underside of the device from Figure 1. 
Figure 3 shows a device according to the invention in a second embodiment. 

The spray-drying device 1 according to the present invention comprises a drying chamber 2, which is cylindrical in 
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the embodiment shown in Figure 1 having a constant diameter over the length of the drying chamber. Placed in the top 
part of the drying chamber 2 is a distribution element 3, which is connected to a pipe 4 for supplying a liquid to be spray- 
dried. The distribution element 3 consists of f for example, a spray nozzle. In addition, it is also possible to atomize the 
liquid to be spray-dried ultrasonically. A supply pipe 5 for supplying warm drying gas to the drying chamber 2 is also 

5 present. Reference number 6 indicates a supply system for a stream of solid particles. In Figure 1 the supply system 6 
comprises a supply pipe which opens into a tubular casing around the distribution element By means of such a con- 
struction, it is ensured that the solid particles supplied are distributed uniformly around the stream of droplets coming 
out of the distribution element 3. However, it is also possible to design the shape of the supply system for solid sub- 
stance particles 6 in such a way that the distance of this system from the distribution element 3 is adjustable; but it is 

y0 still important to bring the solid particles in a uniform stream into contact with the stream of droplets from the distribution 
element 3. To this end, the supply system for solid particles 6 is preferably designed as a powder distribution system 
which is placed more or less concentrically around the distribution element 3, and which is advantageously movable at 
least in the vertical direction and can distribute relatively large quantities of solid particles. Examples of such a supply 
system are a concentric gap around the distribution element 3 or a number of banana-shaped circular segment gaps 

75 which are adjustable in distance relative to the distribution element 3. 

Reference number 14 shows a pipe present in the wall 13 of the drying chamber 2, for discharging drying gas and 
fine - powder - partides present therein. By means of a separating device 15, such as, for example, a cyclone, the fine 
particles can be separated from the gas and returned directly by way of pipe 6 to the supply system of solid particles 6 
to the stream of primary liquid droplets from the distribution element 3. By this method, very economical use is made of 

20 the starting materials which are present. However, it is also possible to supply solid particles from another source to the 
primary liquid droplets from the distribution element 3. 

Situated directly below the distribution element 3 is a first fluidized bed 7, which comprises a bottom plate with 
openings 8 which is surrounded by a wall 9. In the embodiment shown in Figure 1. the bottom plate 8 is circular, and 
the bottom part of the wall is essentially cylindrical, while the top side is conical. Of course, other embodiments of the 

25 bottom plate 8. and of the wall 9. are also possible. The first fluidized bed 7 is preferably of the ideally mixed type, and 
generally has a bed temperature of 60-80°C. In Figure 1 a so-called airbox is placed centrally at the underside of the 
bottom plate with openings 8, as a result of which the air load can be increased locally and optimum mixing conditions 
can be achieved. The gasfeed to the airbox is preferably controlled with separately operated control and regulating 
means. However, it is also possible to increase the local air load in another way. To this end, the bottom plate 8 of the 

30 first fluidized bed 7 is preferably designed in such a way that the gas passage into the central part is larger than that 
into the surrounding part. This is achieved by making the openings in the bottom plate 8 larger in the central part than 
in the surrounding part, or by providing the central part with a larger number of openings than the surrounding part. 

The wall 9 of the first fluidized bed 7 is provided with an opening 10. through which particles fully or partially dried 
in the first fluidized bed can be conveyed from said bed to the after treatment bed. The conveyance of particles from the 

35 first fluidized bed 7 can advantageously take place by providing such openings in the bottom plate 8 that the particles 
are conveyed in the direction of opening 10 by the gas supplied from the underside of the bottom plate 8. 

The second fluidized after treatment bed 1 1 of partial annular form comprises a second bottom plate with openings 
12, which is surrounded by both the wall 9 of the first fluidized bed and the outside wall 13 of the drying chamber. The 
embodiment of the bottom plate of the second fluidized bed shown in Figure 1 is provided with openings slanting in the 

40 desired direction of conveyance, through which a gas stream is blown, so that particles conveyed from the first bed to 
the second bed are guided through the second bed out of the device. Although not shown in Figure 1, only half of the 
second fluidized bed has a temperature of approximately 50-70°C, so that a further drying of the particles occurs, while 
the other half of the second fluidized bed has a temperature of approximately 25-35°C, in order to cool and condition 
particles. In order to prevent condensation from occurring on the wall 9, in particular the conical part, under the influ- 

45 ence of the cold air from the second fluidized bed, said wall 9 can be, for example, a double-walled type. 

Reference number 16 indicates the discharge pipe for discharging spray-dried particles from the device according 
to the present invention. 

Figure 2 shows a section of the first and the second fluidized bed, with the gas supply to the different beds. The 
fluidizing gas stream main flow fed through the first fluidized bed is indicated by reference number 18. The fiuidizing gas 
so stream partial flow, differing from the main flow, is produced by means of an airbox and is indicated by 19. The gas 
streams through the second fluidized after treatment bed, 20 and 21 , can be the same or can differ in. for example, tem- 
perature. 

The method for preparing a spray-dried product using the device according to the present invention is as follows. 

A liquid to be spray-dried is guided by way of pipe 4 to the distribution element 3, where the liquid is atomized, form- 
55 ing primary liquid droplets, by the distribution element 3. At the same time, warm gas and solid substance are supplied 
by way of supply pipe 5 and supply system 6 respectively to the stream of droplets from the distribution element 3. 
Agglomeration of particles occurs through bringing the atomized droplets into contact with the solid substance. Partial 
drying of the atomized droplets and/or the solid substance can occur before and after agglomeration. 

By in particular making use of a supply system 6 which is adjustable in distance relative to the distribution element 
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3, it can be determined at what stage after the atomization the droplets come into contact with the solid particles. By 
means of this adjustment, an agglomerate of the abovementioned capillary type or the funicular or pendular type can 
be obtained. 

The weight ratio between solid substance and liquid advantageously lies in the range 1/2 - 2, preferably between 1 
5 and 2, so that the relative moisture content of the combined streams of droplets and solid substance is low. The average 
moisture content consequently falls in the first section in the drying chamber 2, with the result that the stickiness 
decreases; the ratio can be adjusted such that the particles arriving in the fluidized bed have reached substantially their 
critical moisture content and therewith thermoplasticity. 

The following values are given by way of illustration of the ratio between the quantities by weight of solid substance 
10 and liquid used in the method according to the present invention compared with the prior art 



Product 


s:r (A) 


s:r (B) 


skimmed milk 


800:450 


(178) 


225:500 


(0.45) 


whey 


1000:700 


(1.43) 


225:500 


(0.45) 




800:700 


(1.14) 






whole milk 


750:450 


(1.67) 


150:450 


(0.33) 




550:450 


(1.22) 






yeast 


600:350 


(1-71) 








400:350 


(1.14) 






s: solid substance 








I: liquid 










(A): method according to the present invention 




(B): method according to the prior art 
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In the first drying section, on the one hand, at a position which may be adjustable or otherwise, droplets are bound 
to the surface of the solid particles supplied, while, on the other hand, the average moisture content of the product 
decreases greatly due to both the addition of relatively large quantities of solid particles to the stream of droplets from 
the distribution element 3 and the high temperature inside the drying chamber 2. 
35 As shown in Figure 1 . the combined streams of droplets from the distribution element 3 and solid particles fall into 
the first fluidized bed 7, where these - partially dried - streams are received and mixed intensively with already further 
dried solid substance and warm gas present there. During this drying, the thermoplastic limit of the product is usually 
passed. 

The distance from the distribution element 3 to the first fluidized bed 7, more particularly the bottom plate 8 of the 
40 first fluidized bed 7, combined with the spraying angle, is preferably selected in such a way that the stream fully pene- 
trates into the centre of the bottom plate 8 of the first fluidized bed 7. The ratio between the extent of drying of solid par- 
ticles in the first section in the drying chamber 2 and that in the first fluidized bed 7 is one of the factors which 
determines the size of the device; the more drying occurs in the fluidized bed. the smaller the device can be. 

The stream entering the bed, essentially consisting of agglomerates of solid particles and droplets from the distri- 
45 bution element and gas, causes the drying gas supplied from the underside of the fluidized bed to deflect sideways. As 
a result of this, the incoming stream of agglomerates in the centre of the bed is isolated, which prevents the still moist 
and sticky particles from coming into contact with the wall 9 of the first fluidized bed 7. The formation of deposits on this 
wall 9 is avoided in this way. 

Already dried particle-type material is conveyed by way of the opening 10 in wall 9 of the first fluidized bed 7 from 
so the first fluidized bed 7 to the second fluidized after treatment bed 1 1 . In the first part of the second fluidized after treat- 
ment bed 1 1 the solid particles are conveyed by means of warm drying gas in plug flow in the direction of the outlet. 
This produces further after-drying of the product. In the second part of the second fluidized after treatment bed 1 1 the 
particles are conveyed by means of a cold gas in the direction of the outlet, so that the particles are cooled and condi- 
tioned, in order to permit sieving, conveyance, storage and packaging of the product without the product properties 
55 being adversely affected. In addition to its function as a drying and/or cooling unit for solid particles, the second fluidized 
bed 1 1 can serve to prevent sticking of powder particles to the wall of the drying chamber 1 3. Passing a film of relatively 
cold air without moist powder along the straight wall of the drying chamber 1 3 prevents the particles from being depos- 
ited on the wall 13 of the drying chamber. This is partly why the soiling of the device is minimal. The air along the wall 
13 of the drying chamber 2. together with the drying gas in the drying chamber 2, which is supplied both by way of sup- 
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ply pipe 5 and by way of the fluidized beds 7, 1 1 . can leave the drying chamber by way of discharge pipe 14. After sep- 
aration in a cyclone 15, the solid particles can be returned to the system. Since the waste gas is at a relatively low 
temperature, the particles entrained by the waste gas are less sticky, so that, by comparison with known devices, less 
soiling of the separating device (cyclone) occurs. Due to the fact that essentially all waste gases from the device pass 

5 into the top of the drying chamber, one discharge pipe 14 and separating device 15 will suffice. 

It has been found that the required cubic volume of the device according to the present invention is only 20 to 40% 
compared with the conventionaf devices, and that the energy consumption is 10 to 30% lower. Besides, when the 
device according to the present invention is used, the formation of deposits on the wall 13 of the drying chamber 2 or 
on the wall 9 of the first fluidized bed 7 is largely prevented. In this case, by means of the device and the method accord- 

10 ing to the present invention, a very broad range of products can be processed to a high standard. 

When observing the droplet stream which is delivered by the distribution element, it can be seen that the stream of 
droplets initially remains intact but, at a specific moment, begins to break up. If this break-up point is situated too far 
above the layer of the fluidized bed, there is a risk of liquid droplets, which are still wet and very sticky, hitting the walls 
and forming deposits thereon. It has been found in a number of tests that feeding back fine particles, as described 

75 above, has a stabilizing effect on the stream of liquid droplets, as a result of which the break-up point can be moved and 
the penetration depth of the stream into the drying chamber can be greater. By changing the ratio of solids to liquid 
droplets, it can be ensured that the stream of liquid droplets enters the fluidized bed in a virtually intact state. 

By feeding in fine particles or other solid particles, the average moisture content of the moving primary liquid drop- 
lets can be reduced further, as a result of which it is possible to make the drying chamber still smaller and the distance 

20 of the distribution element from the fluidized bed can, if appropriate, be reduced to 0.75 times the distance which cor- 
responds to a liquid droplet which has been dried to its critical moisture content. 

The above-described airbox has an extremely beneficial effect on the f luidization process in the fluidized bed, and 
by disposing this airbox centrally it is ensured that the f luidization is maintained under all conditions. 

In the table below, the above-described concentric embodiment is compared with a wide body spray-dryer pro- 

25 duced by the applicant. Comparative tests have been carried out under typical conditions, and it can be seen that the 
above-described concentric spray-dryer is improved in terms of volume of the device, steam consumption, power con- 
sumption and specific energy consumption in comparison with the same measured variables for a more conventional 
wide body dryer. 

The comparative test was carried out using skimmed milk at a total water evaporation capacity of 5,000 kg/h. 

30 







Invention 
(Fig. 1,2) 


Wide body 
spray-dryer 


Fraction evaporated in chamber 


% 


85 


94 


Dryer volume inc. fluid beds 


m 3 


300 


950 


Total steam consumption 


kg/h 


7.500 


8,800 


Total power consumption 


kW 


325 


380 


Specific energy consumption 


kW.h/kg powder 


1.05 


1.27 



The concentric spray-dryer has been used successfully for drying pre-crystallized whey, skimmed milk powder, 
45 dried whole milk, children's food, hydrolysed yeast, calcium lactate and other products. Products which are difficult to 
dry, such as hydrolysed yeasts and calcium lactate, can be dried extremely well in this device. 

Figure 3 describes an alternative embodiment of a spray-drying device 31 according to the invention. The device 
comprises a drying chamber 32, a distribution element 33 and a liquid supply 34 for the distribution element 33. The 
drying gas is introduced at 35 and a recirculation system 36 for fine particles separated out of the drying chamber is 
so indicated; the fine particles are introduced inside a jacket which sunounds the supply line to the distribution element 33. 
A fluidized bed 37 having a bottom plate with openings 38 through which f luidizing gas is supplied adjoins the drying 
chamber 32. The figure shows a so-called airbox 39. which makes it possible to achieve different fluidizing conditions 
or fluidizing gas conditions or compositions at that location. The primary liquid droplets arriving in the fluidized bed, 
which have been dried to their critical moisture content, are dried further in the fluidized bed 37; essentially drying which 
ss forms part of the second drying stage takes place in the said bed. The particles from the fluidized bed 37 flow via line 
40 to the fluidized aftertreatment bed 41 which is situated in chamber 43. The aftertreatment bed has a bottom plate 
42, and it can be seen that the bottom plate adjoins a number of compartments, so that here too it is possible to use 
different fluidizing gas conditions or compositions at different parts of the fluidized aftertreatment bed. Following the 
aftertreatment phase, the product is discharged from the device via line 46. 
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In the above-described device according to the invention, it is important tor the primary liquid droplets delivered by 
the distrfoution element to be dried to their critical moisture content in the drying chamber and for the distance which 
the primary liquid droplets cover in the drying chamber to correspond essentially to the distance which is required for 
drying of this kind. In the following example, it will be stated how the said distance is calculated for skimmed milk. 

5 Skimmed milk was sprayed; the particle size distribution exhibited a of 250 micrometres. The critical moisture 

content of skimmed milk is ± 20% by weight, based on the total of dry matter plus moisture. 

Under conditions which are generally maintained when spray-drying skimmed milk (drying gas 250°C; fluidization 
gas 25°C), the time which is required for primary liquid droplets having a Dso of 250 micrometres to reach a critical 
moisture content of 20% by weight is 0.04 sec. At an effective gas speed of 40 m/sec. which is normal in devices of this 

10 kind, a distance between the distribution element and the fluidized bed of 1 .6 m is calculated. In a device of this kind, 
therefore, the drying chamber should be passed through only for the period of evaporation at a constant rate down to 
the critical moisture content of the primary liquid droplets. 

Claims 

15 

1. Device (1 ; 31) for preparing a spray-dried product, at least comprising a drying chamber (2; 32) with a distribution 
element (3; 33) placed therein for atomizing liquid to be spray-dried with forming of a stream of primary liquid drop- 
lets, means for supplying drying gas (5; 35) in the vicinity of the distribution element (3; 33) and at least oneiluid- 
ized bed (7; 37) which adjoins the drying chamber (2; 32) at a distance from the distribution element (3; 33) and 

20 comprising a bottom plate (8; 38) having openings with fluidizing gas supply means opening onto the underside 
thereof, as well as discharge means (16; 46; 14; 44) for discharging spray-dried product and gas from the device 
(1 ; 31), characterized in that the distance of the distribution element (3; 33) above the fluidized bed (7; 37) is equal 
to the distance which is required to enable a primary liquid droplet to reach a moisture content which is in the range 
of from 1 .5-0.75 times the critical moisture content under the conditions prevailing in the drying chamber (2; 32). 

25 

2. Device according to claim 1, characterized in that the distance is equal to the distance which is required to enable 
a primary droplet to reach a moisture content which is in the range of from 1 .5-1 .0 times the critical moisture con- 
tent under the conditions prevailing in the drying chamber (2; 32). 

30 3. Device according to claim 1 and 2 characterized in that the distance is essentially equal to the distance which is 
required to enable a primary droplet to reach a moisture content which is essentially equal to the critical moisture 
content under the conditions prevailing in the drying chamber (2; 32). 

4. Device according to one or more of the claims 1 -3 characterized in that the primary liquid droplets essentially fall 
35 directly into the fluidized bed. 

5. Device according to claims 1 -4 characterized in that the fluidized bed (7; 37) adjoining the drying chamber (2; 32) 
is in product flow connection with a fluidized aftertreatment bed (1 1 ; 41 ). 

40 6. Device according to claim 5. characterized in that the fluidized aftertreatment bed (1 1 ; 41 ) is enclosed by the drying 
chamber (2; 32). 

7. Device according to claim 6, characterized in that the fluidized bed (7; 37) and the fluidized aftertreatment bed (1 1 ; 
41) respectively possess a first (8; 38) and a second bottom plate (12; 42) with openings and the device (1 ; 31) is 

45 designed such that the stream of primary liquid droplets falls essentially into the fluidized bed (7; 37) and material 
can be transported from the fluidized bed (7; 37) to the fluidized aftertreatment bed (1 1 ; 41). 

8. Device according to claim 6 and 7 characterized in that the fluidized aftertreatment bed (11) essentially surrounds 
the fluidized bed (7). 

50 

9. Device according to one or more of the claims 6-8 characterized in that the first bottom plate (8) with openings of 
the fluidized bed (7) is encircled by a dividing wall (9) extending essentially parallel to the axis of the distribution 
element. 

55 10. Device according to claim 9, characterized in that the fluidized bed (7) comprises an essentially cylindrical bed hav- 
ing an essentially circular first bottom plate (8) with openings, which is encircled by an essentially cylindrical divid- 
ing wall (9), the centrepoint of the first bottom plate (12) being in line with the axis of the distribution element (3), 
and the second fluidized aftertreatment bed (11) comprising an essentially annular bed located concentrically 
around the fluidized bed (7). comprising an essentially annular bottom plate (8) with openings which is encircled by 
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the cylindrical dividing wall (9) around the fluidized bed (7) and the outer wall of the drying chamber (13), which is 
likewise cylindrical. 

1 1 . Device according to claim 5, characterized in that the fluidized aftertreatment bed (37) is disposed outside the dry- 
5 ing chamber (32) and is connected to the fluidized bed (37) via a material transport line (40). 

12. Device according to one or rhore of the claims 5-1 1 characterized in that at least two gas supply means, which can 
be controlled separately, are located on the underside of the bottom plate (12; 42) of the fluidized aftertreatment 
bed (11.41 ), the gases which are to be supplied by the separate gas supply means being able to be of different 

10 temperatures. 

1 3. Device according to one or more of the claims 5-12 characterized in that the surface of the underside of the bottom 
plate (8; 38) of the fluidized bed (7; 37) is partially covered by gas supply means (19; 39) which can be controlled 
separately and at that point permit a f luidizing gas flow rate through the corresponding part of the bottom plate (8; 

rs 38) which differs from the f luidizing gas main flow rate through the remaining part of the bottom plate (8; 38) which 
is not covered by the gas supply means (19; 39) in question. 

14. Device according to one or more of the claims 1 -13 characterized in that means (6; 36) are present for supplying a 
stream of solid particles to the stream of primary liquid droplets which are delivered by the distribution element (3; 

20 33). 

15. Device according to claim 14, characterized in that the means (6; 36) for supplying solid particles to the primary 
liquid droplets delivered by the distribution element (3; 33) comprise a system (14; 15; 44; 45) for separating fine 
particles from the gases within the drying chamber (2; 32). 

25 

16. Device according to claim 14 and 15 characterized in that the means (6; 36) for supplying solid particles to the 
stream of primary liquid droplets which is delivered by the distribution element (3; 33) are adjustably disposed in 
relation to the distribution element (3; 33). 

30 1 7. Device according to one or more of the claims 5-10 characterized in that the drying chamber (2; 32) is a cylinder of 
constant diameter across its entire height. 

18. Method for preparing a spray-dried product, a liquid which is to be spray-dried being supplied to a distribution ele- 
ment (3; 33) which is situated inside a drying chamber (2; 32) and which atomizes the liquid into a stream of primary 

35 liquid droplets, and the primary liquid droplets being collected in a fluidized bed (7; 37) which adjoins the drying 
chamber (2; 32), characterized in that using a device according to one or more of the claims 1-17 the primary liquid 
droplets which are delivered by the distribution element (3; 33) are given an average speed such that, on arriving 
in the fluidized bed (7; 37) adjoining the drying chamber (2; 32), they have travelled through the drying chamber (2; 
32) for essentially the period of evaporation at a constant rate, while they essentially fall into the fluidized bed (7; 

40 37). 

1 9. Method according to claim 1 8, characterized in that solid particles are supplied to the stream of primary liquid drop- 
lets which is delivered by the distribution element (3; 33) and wherein the ratio of the quantities by weight of solid 
particles to liquid is greater than or equal to 1 :2. 

45 

20. Method according to claim 19, characterized in that at least some of the solid particles are fine particles which have 
been separated from the gas flow within the drying chamber (2; 32). 

21. Method according to claim 19 or 20 characterized in that the location at which the stream of solid particles is 
so brought into contact with the stream of primary liquid droplets from the distribution element (3; 33) is adjusted as a 

function of the desired quality of the final product. 
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Fig. 2 
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